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ABSTRACT 
Some a s p e c t s of the popu la t ion dynamics of the bread b e e t l e Stegobiurn 
paniceum were s t u d i e d us ing a l a b o r a t o r y c u l t u r e of the s p e c i e s . I n i t i a l 
d e n s i t y of a d u l t s was found to i n f l u e n c e r e p r o d u c t i v e s u c c e s s , the number 
of progeny produced by j [ . paniceum females d e c r e a s i n g w i th i n c r e a s e d a d u l t 
d e n s i t y . Using d e n s i t i e s ranging from 0.013 - 6.70 a d u l t b e e t l e s / g , 
0 .66 b e e t l e s / g was found to be the d e n s i t y above which the number o f 
progeny decreased markedly . Using d i f f e r e n t immature s t a g e s in d e n s i t i e s 
from 0.33 to 40 per g , the egg s tage showed the h i g h e s t apparent m o r t a l i t y , 
a l though i n f e r t i l i t y o f eggs was not taken in to a c c o u n t . M o r t a l i t y of the 
l a r v a l s t a g e s had l i t t l e e f f e c t on the r e s u l t i n g a d u l t numbers, a l though 
when l a r v a l d e n s i t y i n c r e a s e d above 8.33 per g the m o r t a l i t y r a t e i n c r e a s e d . 
One of the main f a c t o r s l i m i t i n g the popu la t ion i n c r e a s e was d e c r e a s e d 
f e c u n d i t y of females due to mutual i n t e r f e r e n c e w i t h o v i p o s i t i o n . The 
f requency of c o p u l a t i o n decreased when a d e n s i t y o f 12 p a i r s per d i s h was 
exceeded , f e c u n d i t y of females a l s o being reduced above t h i s d e n s i t y . 
The c a p a c i t y f o r i n c r e a s e r c under the exper imenta l c o n d i t i o n s was 
found to be 0 . 5 2 / b e e t l e / d a y w i th 3^% o f eggs being l a i d be fore the females 
were 8 days o l d and the m o r t a l i t y being g r e a t e s t between days 10 and 16. 
When females were prov ided w i th antennectomised males a t c o m p a r a t i v e l y 
low d e n s i t i e s o f 0 .02 and 0 .06 b e e t l e s / g , the progeny per female d e c r e a s e d 
by over 50% compared to t h a t of females prov ided w i t h normal m a l e s . 
Antennectomised males took longer to f i n d females and to c o p u l a t e than d id 
c o n t r o l ma les . More than 90% o f the c o n t r o l males c o p u l a t e d w i t h i n 
15 minutes whereas on ly 5% o f antennectomised males c o p u l a t e d w i t h i n t h i s 
t ime. 
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INTRODUCTION 
Stegobium paniceum (L) ( C o l e o p t e r a : Anobi idae) I s a dark brown b e e t l e 
2-3 mm l o n g , which commonly i n f e s t s s t o r e d p r o d u c t s . I t i s cosmopol i tan 
but i s more common in temperate than t r o p i c a l l a t i t u d e s . I t has been 
recorded i n f e s t i n g s t o r e d g r a i n , d r u g s , s p i c e s , t o b a c c o , l e a t h e r and books 
w i th a m o i s t u r e content of 6% - 15% ( L e f k o v i t c h , 1967) - Under c o n d i t i o n s 
o f 3 0 - 1°C and 75% r . h . the d u r a t i o n o f l i f e f rom/b^i r th / ' to death i s ~l 
approx imate ly 66 days fo r the male and 7 1 . 5 days f o r the fema le . The egg 
s tage l a s t s f o r 7 d a y s , fo l lowed by 5 l a r v a l i n s t a r s l a s t i n g in a l l 28 d a y s . 
The d u r a t i o n o f the pupal s tage i s k days and the newly formed a d u l t s spend 
k-S days in the cocoon be fore emerging a f t e r about 42 days from o v i p o s i t i o n . 
The cocoon i s formed by the second i n s t a r l a r v a and i s i n c r e a s e d in s i z e by 
each s t a g e u n t i l pupat ion ( L e f k o v i t c h , 1 9 6 7 ) . The a d u l t s t a g e i s n o n - f e e d i n g , 
u t i l i z i n g food r e s e r v e s formed dur ing the feed ing l a r v a l s t a g e s . 
A f u r t h e r r e l e v a n t f e a t u r e of the b io logy o f t h i s s p e c i e s i s the p r e s e n c e 
o f a s e x pheromone communication system between the s e x e s . Females emit an 
a t t r a c t a n t when they a re s e x u a l l y mature (3~5 days o l d ) . Males o r i e n t a t e 
towards the odour s o u r c e by means o f chemoreceptor s e n s i l l a e on the t h r e e 
d i s t a l antenna l segments , and on r e a c h i n g the pheromone-emit t ing female 
they a r e e x c i t e d to c o p u l a t e . 
The s i g n i f i c a n c e of such a communication system in terms of p o p u l a t i o n 
dynamics may be as f o l l o w s . At low d e n s i t y the chance of a male f i n d i n g a 
female w i l l be enhanced and popu la t ion i n c r e a s e w i l l be f a s t e r . Once 
numbers have i n c r e a s e d and chance meet ings a r e more f r e q u e n t , the sex 
pheromone may become l e s s impor tant . At high d e n s i t i e s the re may even be 
an element o f popu la t ion l i m i t a t i o n as a r e s u l t o f c o n f u s i o n of males in 
the p r e s e n c e of e x c e s s i v e amounts of the pheromone. 
T h i s h y p o t h e s i s i s somewhat s p e c u l a t i v e but i t was hoped t h a t the f o l l o w i n g 
study might p rov ide some i n s i g h t in to the importance of the s e x pheromone in 
the popu la t ion dynamics o f S .^ paniceum. ^-^nmfir~~^ 
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The aims of the work p resen ted here were to i n v e s t i g a t e : 
( i ) the e f f e c t o f i n c r e a s i n g a d u l t d e n s i t y on the resu.l tant numbers 
of o f f s p r i n g . 
( i i ) the mechanisms invo lved in the r e g u l a t i o n of the numbers of 
o f f s p r i n g , by determin ing the e f f e c t o f d e n s i t y on the m o r t a l i t y 
o f the l a r v a l and egg s t a g e s . 
( i i i ) the e f f e c t s o f i n c r e a s i n g d e n s i t y on o v i p o s i t i o n r a t e s and on 
the f requency o f c o p u l a t i o n . 
( i v ) the e f f e c t o f antennectomised males on the numbers of progeny 
a t low d e n s i t i e s , and the e f f e c t o f antennectomy on the s u c c e s s 
o f c o p u l a t i o n . 
In o r d e r to c o n t r o l an i n s e c t p e s t , d e t a i l e d in format ion i s r e q u i r e d 
on the popu la t ion dynamics o f the s p e c i e s . For c o n t r o l measures to 
o p e r a t e e f f e c t i v e l y they must be in t roduced at the c o r r e c t s t a g e of the 
l i f e c y c l e , o t h e r w i s e d e n s i t y dependent mechanisms may come in to e f f e c t 
and n u l l i f y the c o n t r o l . I t i s hoped tha t t h i s work w i l l p rov ide some 
i n s i g h t in to these c o n t r o l problems. F e a s i b l e c o n t r o l may be a c h i e v e d 
by s a t u r a t i n g the atmosphere w i t h pheromone to confuse m a l e s , thus making 
l o c a t i o n of females d i f f i c u l t . 
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I I . GENERAL MATERIALS AND METHODS 
A, 
The i n s e c t s were reared in an i n s e c t o r y of d imensions 3 . 05 x 2 .7 1 * x 
2.59m a t 30 + 1°C and 75 + 2% r . h . in a 12h l i g h t : 12h dark p h o t o p e r i o d . 
The c u l t u r e medium comprised wheat feed s t e r i l i z e d a t 60°C f o r a t l e a s t 2h. 
150g of t h i s medium was put in to 21b K i l n e r j a r s w i th 1 crumpled 'Kimwipe' 
to i n c r e a s e the s u r f a c e a r e a f o r the b e e t l e s . J a r s such as these were used 
f o r s t o c k c u l t u r e s and exper imenta l c u l t u r e s f o r exper iment 1. B l a c k f i l t e r 
paper d i s c s he ld in p l a c e by metal r ing tops s e r v e d as l i d s , a l l o w i n g 
passage o f a i r in to the c o n t a i n e r . The dark background r e v e a l e d any mi tes 
p r e s e n t . The j a r s were p l a c e d 8cm a p a r t in a f i l m o f l i q u i d p a r a f f i n to 
reduce the spread of m i te i n f e s t a t i o n s . 
Jam j a r s (11b c a p a c i t y ) c o n t a i n i n g 30g o f wheat feed were used f o r 
exper iment 2 . B l a c k f i l t e r paper d i s c s he ld in p l a c e by rubber bands 
s e r v e d as l i d s . T h i s exper iment was s c a l e d down to reduce the numbers o f 
immature i n d i v i d u a l s r e q u i r e d . When i n d i v i d u a l s o f known sex were r e q u i r e d , 
the pupal cocoons were s i e v e d from the c u l t u r e s , the pupae c a r e f u l l y 
removed and the sex determined a c c o r d i n g to H a l s t e a d ( 1 9 6 3 ) . The sexes 
were kept a p a r t in p e t r i d i s h e s , w i th a square of moistened f i l t e r paper 
a t t a c h e d to the l i d to r a i s e humidi ty and prevent the pupae d e s i c c a t i n g . 
When the a d u l t s emerged 4 -5 days l a t e r , they were c o n s i d e r e d to be one 
day o l d when the e l y t r a had darkened to the same e x t e n t as the t h o r a x . 
These were then t r a n s f e r r e d in groups of ten to 5 x 1 cm g l a s s v i a l s , 
w i th f i l t e r paper prov ided as a s u b s t r a t e and as a s t r i p f o r the i n s e c t s 
to c l imb on . 
P e t r i d i s h e s 9cm d iameter were used in exper iment 3 . 
G l a s s v i a l s 5 x 1 cm were used in exper iment k. 
Buckets of 9 1 c a p a c i t y (25cm x 2*»cm) c o n t a i n i n g 500g wheat f e e d , 
w i th 5 crumpled 'K imwipes ' to i n c r e a s e s u r f a c e a r e a were used in exper iment 
5 . About 5cm from the l i p o f the b u c k e t s , v a s e l i n e was spread to prevent 
the i n s e c t s e s c a p i n g . The tops were covered w i th c l e a r po ly thene he ld by 
s t r i n g , w i t h h o l e s in the po ly thene to a l l o w passage of a i r i n to the 
c o n t a i n e r . 
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I I I . EXPERIMENT I. 
The e f f e c t o f a d u l t d e n s i t y on the numbers o f progeny. 
I n t r o d u c t i o n 
T h i s exper iment was performed to determine whether a d u l t d e n s i t y 
a f f e c t s the numbers of o f f s p r i n g produced per f e m a l e . . S i m i l a r exper iments 
have been done w i th the Azuki bean w e e v i l C a l l o s o b r u c h u s c h i n e n s i s ( L ) . 
U t ida (19^1) showed that t h e r e i s an optimum d e n s i t y fo r r e p r o d u c t i o n , the 
numbers o f progeny being reduced a t very low and very high d e n s i t i e s . 
With T r i b o l i u m confusum Duval and O r y z a e p h i l u s s u r i n a n m e n s i s ( L ) , 
however Crombie (19^3) showed a d e c r e a s e in numbers o f progeny a t i n c r e a s e d 
a d u l t d e n s i t i e s . 
Method 
P a i r s of newly emerged a d u l t s were taken from the s t o c k c u l t u r e and 
in t roduced to the medium a t d e n s i t i e s of 1, 3 , 10, 50 , 125, 200 and 500 
in K i l n e r j a r s w i th r e p l i c a t e s as shown in Tab le 1. For the th ree lower 
d e n s i t i e s sexed i n d i v i d u a l s were u s e d , f o r the four h i g h e r d e n s i t i e s , 
a 1 : 1 s e x r a t i o was assumed, and b e e t l e s were c o l l e c t e d u s i n g an 
a s p i r a t o r and counted; a l l i n s e c t s were not more than 3 days o l d when 
in t roduced to the c u l t u r e medium. The j a r s c o n t a i n i n g b e e t l e s a t the 
four lower d e n s i t i e s were checked each day (by eye) to a s s e s s m o r t a l i t y , 
t h i s being p a r t i c u l a r l y important in the low d e n s i t y c u l t u r e s . I n d i v i d u a l s 
dy ing w i t h i n the f i r s t th ree days were r e p l a c e d by o t h e r s of the 
a p p r o p r i a t e age and s e x . 
A f t e r about kZ days the new a d u l t g e n e r a t i o n s t a r t e d to emerge. 
The b e e t l e s emerging were removed and counted by a s p i r a t o r e v e r y t h r e e 
d a y s . Be fore c o l l e c t i o n , the j a r s were p l a c e d a t room temperature f o r 
about 30 minutes to s low the i n s e c t s down, thus making them e a s i e r to 
h a n d l e . T h i s procedure was cont inued u n t i l emergence was completed . 
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R e s u l t s 
The number of o f f s p r i n g emerging was e x p r e s s e d in terms o f numbers 
produced per parent female . The a d u l t d e n s i t y was e x p r e s s e d in terms 
of log number per g , (Tab le I : F i g u r e I ) . 
T a b l e I : Mean number (+ S . E . ) o f progeny emerging per female 
No. of 
pai rs 
Log no. 
per g 
No. o f 
r e p l i c a t e s (n) 
Mean no. o f 
p r o g e n y / ? 
+ S . E . 
1 0.0055 10 61 .7 + 5.1 
3 0.0170 6 51 .2 + it.5 
10 0.0531 3 i»5.6 + 3 .0 
50 0.2201 3 52 .3 + 2 . 8 
125 0 .^31^ 3 15.5 + 2 . k 
200 0.5682 3 18.0 + 3 .8 
500 0.8865 2 8 .6 
A r e g r e s s i o n a n a l y s i s was performed on the r e s u l t s o b t a i n e d , from 
which a l i n e o f b e s t f i t f o r F i g u r e I was ob ta ined us ing the equa t ion 
y = a + bx 
where a = i n t e r c e p t on the y a x i s 
b = s l o p e of I i n e 
The c o r r e l a t i o n c o e f f i c i e n t r was a l s o c a l c u l a t e d f o r the l i n e and 
was found to be - 0 . 9 1 5 3 . T h i s shows tha t the number of progeny per female 
d e c r e a s e s s i g n i f i c a n t l y w i th i n c r e a s i n g a d u l t d e n s i t y , ( P < 0 . 0 2 ) . 
S tudent t - t e s t s were a l s o performed to t e s t f o r s i g n i f i c a n t 
d i f f e r e n c e s between d e n s i t i e s , u s i n g (n + n - 2) degrees o f f reedom, 
(Tab le I I ) . 
<7> 
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Tab le l i : Comparison of numbers o f o f f s p r i n g emerging from d i f f e r e n t 
i n i t i a l parent popu la t ion d e n s i t i e s . 
Densi t i e s 
compared 
pai r s " 
t ( n 1 + n 2 - 2) P 
1:200 8 .3 <0.001 
1:125 7.0 <0.001 
1:10 2 . 8 <0.02 
3:200 4 . 8 <0.001 
3:125 6 . 9 <0.001 
50:200 7 .3 <0.001 
50:125 10.2 <0.001 
* Only p a i r s showing s i g n i f i c a n t d i f f e r e n c e s a r e shown ( P < 0 . 0 5 ) . 
The h i g h e s t numbers o f progeny o c c u r r e d a t the lowest d e n s i t y . The 
lowest numbers of progeny o c c u r r e d a t the h i g h e s t a d u l t d e n s i t i e s of 
1.70 b e e t l e s / g , 2 .70 b e e t l e s / g and 6 .70 b e e t l e s / g . At the th ree 
i n t e r m e d i a t e d e n s i t i e s the numbers o f progeny were l e s s than a t the 
lowest d e n s i t y , but d i f f e r e n c e s were not s i g n i f i c a n t ( F i g u r e I : 
T a b l e I I ) . 
Al though f o r the sake o f u n i f o r m i t y the number o f b e e t l e s / g r a m i s 
used as an index o f d e n s i t y , the a d u l t i n s e c t s do not move in to the 
medium. They remain on the s u r f a c e , on the t i s s u e and s i d e s o f the j a r 
and p a r t i c u l a r l y on the unders ide o f the l i d . 
Di s c u s s i o n 
The r e s u l t s show tha t the number of o f f s p r i n g produced per female 
d e c r e a s e d w i th i n c r e a s i n g d e n s i t y ; the r e g r e s s i o n a n a l y s i s performed 
gave a high degree o f c o r r e l a t i o n between these two f a c t o r s . 
Crombie (19^3) working w i th T . confusum ob ta ined the same e f f e c t ; he 
found t h a t females o v i p o s i t e d fewer eggs a t h i g h e r d e n s i t i e s due to 
i n t e r f e r e n c e w i th o v i p o s i t i n g females from o t h e r i n s e c t s . In F i g u r e I 
the 95% c o n f i d e n c e l i m i t s show s i g n i f i c a n t d i f f e r e n c e s between the 
four lower and the three h igher d e n s i t i e s but the d i f f e r e n c e s between 
the four lower d e n s i t i e s a r e not s i g n i f i c a n t . The reason fo r the f a l l 
in the number of o f f s p r i n g o f j5. paniceum a t h i g h e r d e n s i t i e s was 
i n v e s t i g a t e d in the f o l l o w i n g exper iments o f t h i s t e x t . 
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IV. Exper iment 2 . 
The e f f e c t o f the d e n s i t y o f c e r t a i n immature s t a g e s of S .^ paniceum 
on the r e s u l t i n g a d u l t numbers. 
I n t r o d u c t i o n 
The f o l l o w i n g exper iment was conducted in o r d e r to determine whether 
the m o r t a l i t y of any one pre imag ina l s tage had a s i g n i f i c a n t e f f e c t upon 
the members o f a d u l t s emerging. Three s t a g e s were used f o r t h i s 
i n v e s t i g a t i o n ; the egg s t a g e , smal l l a r v a l i n s t a r s ( 1 s t and 2nd) and 
l a r g e r l a r v a l i n s t a r s (4th and 5 t h ) . The d e n s i t i e s used were as near as 
p r a c t i c a b l e to those used in exper iment 1, a l though the exper iments were 
s c a l e d down to reduce the numbers r e q u i r e d , by d e c r e a s i n g the s i z e of the 
j a r s and the amount o f medium u s e d . 
Method 
The f o l l o w i n g d e n s i t i e s were used f o r a l l th ree s t a g e s : 
10 i n d i v i d u a l s per 30g, g i v i n g a d e n s i t y of 0 .33 per g . 
30 " " 30g, " " " " 1.00 per g . 
100 " " 30g, 3.33 per g . 
250 " " 30g, 8.33 per g . 
400 " " 10g. "AO.00 per g . 
(10 grams of medium was used f o r the h i g h e s t d e n s i t y to reduce numbers 
requi r e d ) . 
The eggs were ob ta ined by keeping approx imate ly 100 a d u l t i n s e c t s in 
11b K i l n e r k a r s w i th 1cm s q u a r e s o f b l a c k f i l t e r paper f o r o v i p o s i t i o n 
s i t e s . A f t e r two days the f i l t e r paper was removed and examined under a 
X10 b i n o c u l a r microscope f o r e g g s . The eggs were added to the medium on 
the paper in the a p p r o p r i a t e d e n s i t i e s . 
The smal l l a r v a e were s i e v e d from the medium u s i n g a 0.5mm s i e v e . 
They f e l l through the s i e v e on to a p e t r i d i s h which had l i n e s 1cm a p a r t 
drawn on i t . The g r i d was scanned under the m i c r o s c o p e , and the number of 
l a r v a e per d i v i s i o n counted . They were then added to the medium a t the 
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above d e n s i t i e s . The l a r g e l a r v a e were s i e v e d f r o m t h e medium u s i n g a 
2.00mm s i eve . p i c k e d o u t w i t h a s m a l l d e n t a l s p o o n , and added t o t he 
e x p e r i m e n t a l j a r s a t t h e c o r r e c t d e n s i t i e s . 
An a d d i t i o n a l e x p e r i m e n t was done t o d e t e r m i n e i f t h e o l d e r l a r v a e 
i n f l u e n c e d t h e m o r t a l i t y o f younge r s t a g e s . An i n t e r m e d i a t e d e n s i t y 
(100 i n d i v i d u a l s pe r 30g) was chosen and 50 eggs we re added t o t h e 
medium as p r e v i o u s l y d e s c r i b e d . One week l a t e r a n o t h e r 50 eggs were 
a d d e d . The number o f a d u l t s emerg ing pe r j a r were c o l l e c t e d and c o u n t e d , 
u s i n g t h e method d e s c r i b e d i n e x p e r i m e n t 1 . 
R e s u l t s 
A d u l t emergence was e x p r e s s e d b o t h as numbers and as p e r c e n t a g e s 
emerg ing ( T a b l e 1.1 | and F i g u r e s 2 and 3 ) . 
T a b l e I I I Mean number o f a d u l t s emerg ing f r o m each immature s t a g e and 
p e r c e n t a g e o f a d u l t s e m e r g i n g . 
I n i t i a l 
dens i t y 
n o . / g 
Mean n o . emerg ing Mean % emerg ing 
No. o f 
r e p l i c a t e s 
Egg 
+ SE 
Smal 1 
La rvae + SE 
La rge 
L a r v a e + SE Egg 
Smal 1 
La rvae 
La rge 
La rvae 
0 .33 10 7 .7 + 0 . 3 8 . 7 + 0 . 5 9 . 5 + 0 .2 77 87 95 
1 .0 5 22 + 2 . 3 29 + 1.0 29 + 0 .^ V* 97 98 
3 .33 3 77 + 1.7 86 + 1 .8 9A + 2 .1 77 86 84 
3 . 3 3 * 3 85 + 1.7 85 
8 .33 3 153 + 6 . 7 108 + 8 . 5 231 + 3 .2 61 83 92 
1*0.0 3 208 + 5 .1 313 + ^ 7 . 1 35A + 1 .7 52 78 88 
* 50 eggs + 50 eggs one week l a t e r 
S t u d e n t t - t e s t s were p e r f o r m e d t o t e s t f o r s i g n i f i c a n t d i f f e r e n c e s 
between t h e numbers e m e r g i n g f o r d i f f e r e n t s t a g e s a t e q u i v a l e n t d e n s i t i e s . 
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T a b l e IV : S t a t i s t i c a l comparison between numbers o f a d u l t s emerging 
from immature s t a g e s at the same i n i t i a l d e n s i t i e s . 
Dens i ty and s t a g e 
compared n o . / 3 0 g 
t ( n 1 + n 2 - 2 ) P 
400e : 40OS 2 .2 <0.05 
400e : 400L 27 <0.001 
250e : 250S 3.4 <0.03 
250e : 250L 10.5 <0.001 
100e : 100S 3.4 <0.02 
lOOe : 100L 6 .3 <0.02 
30e : 30L 2.0 <0.05 
30e : 30L 3.0 <0.02 
lOe : 10S 1.75 N .S . 
10e : 10S 5.2 <0.001 
Key: e = egg 
S = smal1 1arvae 
L = l a r g e l a r v a e 
N.S = no s i g n f i c a n t d i f f e r e n c e 
S i n c e m o r t a l i t y o f e a r l y immature s t a g e s w i l l be dependent upon ; ~y 
the m o r t a l i t y a t each l a t e r s t a g e , c o r r e c t e d v a l u e s fo r each s tage were ' 
c a l c u l a t e d as f o l l o w s . The c o r r e c t e d v a l u e f o r the egg s t a g e was found 
by s u b t r a c t i n g the number dying in the smal l l a r v a l i n s t a r , a t the same 
d e n s i t y from the number dying in the egg s t a g e . The c o r r e c t e d number 
dying in the smal l l a r v a l s t a g e was found by s u b t r a c t i n g the number dying 
in the l a r g e l a r v a l s tage from t h a t in the smal l l a r v a l s t a g e , the c o r r e c t e d 
percentage dying being found us ing the percentage v a l u e s from T a b l e I I I 
T a b l e V : C o r r e c t e d v a l u e s f o r the numbers dying in each s t a g e , and f o r 
the percentage dying in each immature s t a g e a t v a r y i n g 
densi t i e s . 
Densi ty C o r r e c t e d no. dying C o r r e c t e d % 
dying 
n o s . / 3 0 g Smal 1 Large Smal 1 Large 
Egg l a r v a e l a r v a e Egg l a r v a e l a r v a e 
10 1.0 + 0 .3 0 .8 + 0 .5 0 .5 + 0 .2 10 8 5 
30 7.0 + 1.9 0.0 1.0 + 0 .6 23 1 2 
100 9 .0 + 3 .2 8.0 + 2 . 2 6.0 + 2 . 2 9 8 6 
250 55 .0 + 6 .8 23 .0 + 7 .8 19.0 + 3 .2 22 9 8 
400 105.0 + 43 .7 41 .0 + 2 2 . 8 46 .0 + 1.7 26 10 12 
A s t u d e n t t - t e s t was performed to t e s t f o r s i g n i f i c a n t d i f f e r e n c e s 
between the c o r r e c t numbers emerging a t each d e n s i t y . 
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Tab le VI : Comparison o f numbers o f a d u l t s emerging from each s t a g e 
a t each d e n s i t y . 
7 
Dens i ty and s t a g e 
compared n o . / 3 0 g * 
t 
( n 1 + n 2 - 2 ) P 
e 2 5 0 : S 2 5 0 3.1 <0.05 
e 3 0 : S 30 3 .68 <0.005 
e L 
30 : 30 3.03 <0.01 
* Only p a i r s showing s i g n i f i c a n t d i f f e r e n c e s a re shown (p<0.05) 
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D i s c u s s i o n 
From e x p e r i m e n t 1 i t i s e v i d e n t t h a t a d u l t d e n s i t y a f f e c t e d t h e 
a p p a r e n t f e m a l e f e c u n d i t y . In t h i s e x p e r i m e n t i t h a s b e e n shown t h a t 
a s t h e d e n s i t y o f e a c h i m m a t u r e s t a g e i s i n c r e a s e d , t h e number o f a d u l t s 
e m e r g i n g p e r i n i t i a l i n d i v i d u a l i s d e c r e a s e d . From T a b l e I I I i t c a n be 
s e e n t h a t t h e l a r g e l a r v a l s t a g e s c o n t r i b u t e d o n l y 12% m o r t a l i t y , a s 
o p p o s e d t o k8% m o r t a l i t y f r o m t h e egg s t a g e a t a d e n s i t y o f 40 b e e t l e s / g . 
I t t h e r e f o r e a p p e a r s t h a t m o r t a l i t y f a c t o r s o p e r a t e b e f o r e t h e l a r g e / 
l a r v a l s t a g e i s r e a c h e d . T h e m o r t a l i t y d u r i n g t h e e a r l y l a r v a l s t a g e s 
was 22% a t t h e h i g h e s t d e n s i t y . 
S i g n i f i c a n t d i f f e r e n c e s w e r e f o u n d b e t w e e n t h e numbers e m e r g i n g 
f r o m t h e egg and l a r g e l a r v a l s t a g e s and a l s o b e t w e e n t h e numbers e m e r g i n g 
f r o m t h e egg and s m a l l l a r v a l s t a g e s a s c a n c l e a r l y be s e e n f r o m F i g u r e 2 . 
No s i g n i f i c a n t d i f f e r e n c e s w e r e f o u n d b e t w e e n t h e n u m b e r s o f a d u l t s e m e r g i n g 
f r o m t h e two l a r v a l s t a g e s a t e a c h d e n s i t y . 
A t f i r s t s i g h t i t a p p e a r s t h a t m o r t a l i t y d u r i n g t h e egg s t a g e i s 
g r e a t e s t and t h a t t h i s s t a g e l a r g e l y d e t e r m i n e s t h e numbers o f a d u l t s 
e m e r g i n g . I n f e r t i l i t y o f e g g s i s u s u a l l y 2 5 - 3 0 % u s i n g ^ d e n s i t i e s o f 
1 o r 2 p e r g l a s s v i a l ( B a r r e t t , i n p r e p a r a t i o n ) , a n d when t h i s i s t a k e n 
i n t o a c c o u n t , a s s u m i n g t h a t i n f e r t i l i t y i s s i m i l a r u n d e r t h e s e c o n d i t i o n s , 
i t a c c o u n t s f o r t h e m o r t a l i t y i n t h e t h r e e l o w e r d e n s i t i e s o f t h e egg 
s t a g e , l e a v i n g a 23% m o r t a l i t y a t t h e h i g h d e n s i t y o f ^ 0 / g u n e x p l a i n e d . 
When h o w e v e r t h e c o r r e c t e d v a l u e s f o r t h e n u m b e r s d y i n g a r e c o n s i d e r e d 
( T a b l e V ) m o r t a l i t y o f t h e egg s t a g e s a t a l l d e n s i t i e s i s a c c o u n t e d f o r 
by egg i n f e r t i l i t y . U t i d a (19*H) f o u n d t h a t t h e f e r t i l i t y o f C. c h i n e n s i s 
e g g s d e c r e a s e d w i t h i n c r e a s i n g d e n s i t y . T h i s h a s n o t b e e n e x a m i n e d h e r e , 
b u t t h e s e r e s u l t s do t e n d t o s u b s t a n t i a t e t h i s t r e n d . 
T h e m o r t a l i t y o f t h e two l a r v a l s t a g e s i s f a i r l y c o n s t a n t o v e r t h e 
r a n g e o f d e n s i t i e s e m p l o y e d , b e i n g p a r t i c u l a r l y low a t 1.0 b e e t l e / g , t h e 
p e r c e n t a g e d y i n g a t h i g h e r d e n s i t i e s b e i n g s l i g h t l y g r e a t e r t h a n f o r low 
d e n s i t i e s ( T a b l e i V ) . T h i s i s p r o b a b l y due to c o m p e t i t i o n b e t w e e n 
i n d i v i d u a l s f o r s p a c e t o c o n s t r u c t c o c o o n s f o r p u p a t i o n . T h e b e e t l e s 
s t a r t c o n s t r u c t i n g c o c o o n s d u r i n g t h e s e c o n d l a r v a l i n s t a r . T h e s e 
c o c o o n s a r e e n l a r g e d a s t h e l a r v a g r o w s a n d a t h i g h d e n s i t i e s t h e r e f o r e , 
t h e c h a n c e s o f two i n d i v i d u a l s c o m p e t i n g f o r s p a c e i s i n c r e a s e d . 
M o r t a l i t y may o c c u r due t o damage o f t h e l a r v a e d u r i n g h a n d l i n g o r 
f i g h t i n g b e t w e e n i n d i v i d u a l s f o r c o c o o n b u i l d i n g m a t e r i a l . P r e s u m a b l y , 
t h i s a l s o o c c u r s w i t h t h e l a r g e l a r v a l i n s t a r s . T h e y a r e removed f r o m 
t h e i r c o c o o n s f o r e x p e r i m e n t a l p u r p o s e s , a n d h a v e t o c o n s t r u c t new 
c o c o o n s when i n t r o d u c e d t o t h e new medium. T h i s m i g h t i n f l u e n c e t h e 
r e s u l t s , by i n c r e a s i n g m o r t a l i t y i n t h e l a r g e l a r v a l s t a g e a s more 
f i g h t i n g may o c c u r o v e r c o c o o n b u i l d i n g m a t e r i a l . T h i s e x p e r i m e n t 
s u g g e s t s t h a t some c o m p e t i t i o n f o r c o c o o n b u i l d i n g m a t e r i a l may o c c u r , 
b u t more r e p l i c a t e s w o u l d n e e d to be done to e l u c i d a t e t h e s e f a c t o r s 
i n d e t a i 1 . 
T h e e x p e r i m e n t i n w h i c h e g g s w e r e a d d e d a t two d i f f e r e n t t i m e s 
s h o w s t h a t e m e r g e d l a r v a e p r o b a b l y do n o t f e e d on t h e e g g s , o r s m a l l e r 
s t a g e s . T h i s s u g g e s t s t h a t c a n n i b a l i s m i s n o t an i m p o r t a n t f a c t o r i n 
t h e r e g u l a t i o n o f n u m b e r s ; h o w e v e r o n l y o n e d e n s i t y w a s t e s t e d i n t h i s 
w a y , and t h i s w o u l d n e e d f u r t h e r i n v e s t i g a t i o n . 
From t h e s e r e s u l t s i t a p p e a r s t h a t n a t u r a l i n f e r t i l i t y o f e g g s 
p r o b a b l y a c c o u n t s f o r m o s t o f t h e m o r t a l i t y in t h e egg s t a g e o f 
S^. p a n i c e u m . M o r t a l i t y i n t h e l a r v a l s t a g e s i s s l i g h t l y g r e a t e r a t 
h i g h d e n s i t i e s t h a n iow d e n s i t i e s and a c c o u n t s f o r m o r t a l i t y due to 
f a c t o r s o t h e r t h a n egg r n f e r t i l i t y , , s u c h a s f i g h t i n g b e t w e e n l a r v a e f o r 
c o c o o n m a t e r i a l . 
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V . E x p e r i m e n t 3 
T h e e f f e c t o f a d u l t d e n s i t y on f r e q u e n c y o f c o p u l a t i o n and f e c u n d i t y 
o f f e m a l e s . 
I n t r o d u c t ion 
T h i s e x p e r i m e n t w a s d e s i g n e d to d e t e r m i n e t h e e f f e c t o f i n c r e a s i n g 
d e n s i t y upon c o p u l a t i o n s u c c e s s and f e c u n d i t y o f f e m a l e s . A t h i g h 
d e n s i t i e s i t m i g h t be a s s u m e d t h a t t h e number o f c o n t a c t s b e t w e e n 
i n d i v i d u a l s by random a c t i v i t y i n c r e a s e s , a n d t h a t t h i s m i g h t r e s u l t 
i n d i s t u r b a n c e o f m a t i n g p a i r s . A t low d e n s i t i e s t h e r e i s p r e s u m a b l y 
l e s s c h a n c e o f a d u l t s m e e t i n g and t h u s l e s s c h a n c e o f c o p u l a t i o n 
o c c u r r i n g . T h e r e f o r e o n e m i g h t e x p e c t an opt imum d e n s i t y f o r c o p u l a t i o n 
( U t i d a , 1 9 1 ) - F e m a l e s w e r e k e p t w i t h m a l e s a t v a r y i n g d e n s i t i e s , t o 
i n v e s t i g a t e t h e e f f e c t o f d e n s i t y on c o p u l a t i o n s u c c e s s . T h i s e x p e r i m e n t 
was a l l o w e d t o c o n t i n u e t o e n a b l e o v i p o s i t i o n t o o c c u r s i n c e i n c o m p l e t e 
o r i n t e r r u p t e d c o p u l a t i o n may l e a d t o r e d u c e d n u m b e r s o f e g g s b e i n g 
p r o d u c e d . A n o t h e r e x p e r i m e n t was p e r f o r m e d u s i n g m a t e d f e m a l e s w i t h 
e q u a l n u m b e r s o f v i r g i n f e m a l e s a t t h e same d e n s i t i e s a s b e f o r e . T h i s 
was t o e l i m i n a t e t h e c o p u l a t i o n f a c t o r a n d e x a m i n e t h e e f f e c t o f v a r y i n g 
d e n s i t i e s upon o v i p o s i t i o n , a n d h e n c e t h e e f f e c t o f i n t e r f e r e n c e f r o m 
o t h e r f e m a l e s w i t h o v i p o s i t i o n , on t h e number o f e g g s p r o d u c e d p e r 
f e m a 1 e . 
Method 
T h e i n s e c t s w e r e s e x e d a s p r e v i o u s l y d e s c r i b e d and when f o u r d a y s 
o l d w e r e i n t r o d u c e d t o t h e a r e n a , w h i c h c o n s i s t e d o f a p e t r ? d i s h (9cm) 
i n v e r t e d o v e r a f i l t e r p a p e r c i r c l e o f l a r g e r d i a m e t e r . A s i n g l e l a y e r 
o f l a r g e w h e a t f l a k e s was s p r e a d o v e r t h e p a p e r to p r o v i d e o v i p o s i t i o n 
s i t e s . T h e d e n s i t i e s u s e d w e r e 1 , 3 , 6 , 1 2 , 25 and 50 p a i r s p e r d i s h , 
and t h e i n s e c t s w e r e a l l o w e d f i v e m i n u t e s t o become a c c u s t o m e d t o t h e 
e x p e r i m e n t a l c o n d i t i o n s . T h e number o f p a i r s c o p u l a t i n g p e r m i n u t e was 
n o t e d f o r t h i r t y m i n u t e s . D u r i n g c o p u l a t i o n t h e m a l e mounts t h e f e m a l e 
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and when g e n i t a l c o n t a c t i s a c h i e v e d t h e y t u r n t h r o u g h 1 8 0 ° t o a s s u m e 
a b a c k - e n d t o b a c k - e n d p o s i t i o n . T h i s w a s c o n s i d e r e d t o be t h e p o i n t 
when c o p u l a t i o n t a k e s e f f e c t . 
T h e i n s e c t s ( m a l e s a n d f e m a l e s ) w e r e r e t a i n e d f o r o v i p o s i t i o n t o 
o c c u r . A f t e r o n e week t h e f i l t e r p a p e r a n d w h e a t f l a k e s w e r e removed 
f o r e x a m i n a t i o n f o r e g g s , b e i n g r e p l a c e d by new p a p e r a n d f l a k e s . T h e 
p a p e r was e x a m i n e d u n d e r a X10 m i c r o s c o p e f o r e g g s . Most o f t h e e g g s 
w e r e a t t a c h e d t o t h e f i l t e r p a p e r u n d e r l a r g e f l a k e s , b u t a few w e r e 
f o u n d l o o s e i n t h e m e d i u m . T h i s p r o c e d u r e w a s r e p e a t e d o n e week l a t e r 
t o e n s u r e t h a t t h e m a j o r i t y o f e g g s had been c o l l e c t e d a n d t h e 
e x p e r i m e n t was t h e n t e r m i n a t e d . 
A n o t h e r e x p e r i m e n t was c o n d u c t e d i n c o n j u n c t i o n w i t h t h a t a b o v e . 
F o u r day o l d m a l e s a n d f e m a l e s w e r e m a t e d i n a 5 x 1cm g l a s s v i a l 
( o n e p a i r p e r t u b e ) i n v e r t e d on a f i l t e r p a p e r c i r c l e , a n d l e f t t o g e t h e r 
f o r 2k h o u r s . T h e m a t e d f e m a l e s ( b e i n g s l i g h t l y l a r g e r t h a n t h e m a l e s ) 
w e r e removed and p u t i n t o t h e c u l t u r e d i s h , a s p r e v i o u s l y d e s c r i b e d . 
E q u a l numbers o f v i r g i n f e m a l e s w e r e a d d e d t o make up t h e r e q u i r e d d e n s i t i e s 
e q u i v a l e n t t o t h o s e i n t h e p r e v i o u s e x p e r i m e n t . T h e e g g s w e r e c o l l e c t e d 
and c o u n t e d a s b e f o r e . 
R e s u l t s 
U n d e r c r o w d e d c o n d i t i o n s c o p u l a t i n g p a i r s w e r e o f t e n b r o k e n up b e f o r e 
t h e b a c k - e n d to b a c k - e n d p o s i t i o n was a d o p t e d , a n d f r e q u e n t l y two m a l e s 
a t t e m p t e d t o mount one f e m a l e . - ^ T h e number o f e g g s o b t a i n e d p e r f e m a l e w a s 
v e r y low c o m p a r e d t o t h e a v e r a g e number o f a b o u t 6 0 ^ u n d e r t h e s e c o n d i t i o n s . . 1 
I t was t h o u g h t t h a t t h e f o u r day o l d m a l e s may n o t h a v e been f u l l y m a t u r e 
and t h a t a h i g h p e r c e n t a g e o f t h e i r s p e r m may h a v e been i n f e r t i l e and s o 
r e d u c e d t h e number o f e g g s p r o d u c e d p e r f e m a l e . 
T h e r e s u l t s a r e p r e s e n t e d b o t h a s t h e mean p e r c e n t a g e i n c o p u l a p e r 
f i v e m i n u t e s , and t h e mean p e r c e n t a g e i n c o p u l a o v e r t h i r t y m i n u t e s f o r 
e a c h d e n s i t y , s e e T a b l e V I I and F i g u r e s k and 5. 
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T a b l e V I I : Mean p e r c e n t a g e o f i n s e c t s i n c o p u l a p e r f i v e m i n u t e s and 
t h i r t y m i n u t e s a t d i f f e r e n t d e n s i t i e s . 
I n i t i a l 
d e n s i t y 
n o s . p a i r s 
No. o f 
r e p l i c a t e s 
Mean % i n c o p u l a p e r 5 m i n s Mean % 
i n c o p u l a 
p e r 30 m i n s 5-10 10-15 15-20 20-25 25-30 
1 8 16.7 25.0 47.5 52.5 47.5 39.6 
3 6 22.7 34.4 43.3 4 6 . 7 4 0 . 0 36.0 
6 4 32.5 35.8 38.3 35.8 3 8 . 3 36.1 
12 4 32.0 4 0 . 4 35.8 30.0 25.8 32.4 
25 3 15.2 2 4 . 3 23.5 25.9 17.3 20.4 
50 3 2 4 . 9 29.5 2 8 . 6 14 .7 14.1 21.7 
S i g n i f i c a n t d i f f e r e n c e s b e t w e e n t h e n u m b e r s c o p u l a t i n g a t d i f f e r e n t 
d e n s i t i e s w e r e t e s t e d f o r u s i n g a p r o b a b i l i t y m a t r i x T a b l e VI I I . 
T h i s m a t r i x was c o n s t r u c t e d a s f o l l o w s : 
in e a c h c a s e 2 d e n s i t i e s a r e c o m p a r e d , a mean l i n e i s d rawn b e t w e e n t h e 
v a l u e s f o r t h e 2 d e n s i t i e s . In t h i s c a s e t h e r e a r e f i v e v a l u e s a t e a c h 
d e n s i t y , t h e r e f o r e t h e c h a n c e s o f a l l t h e v a l u e s f o r o n e d e n s i t y b e i n g 
b e l o w t h e mean l i n e i s 2^ i . e . 1 i n 32 c h a n c e . 
T h i s i s e q u i v a l e n t to a p v a l u e o f 0.03, w h i c h i s a s i g n i f i c a n t r e s u l t , 
e . g . Compare d e n s i t i e s 25 : 3 
A l l v a l u e s f o r d = 25 a r e b e l o w t h o s e o f d = 3 
. ' . p = 0.03 
So i t c a n be s a i d t h e r e i s a s i g n i f i c a n t d i f f e r e n c e i n n u m b e r s 
c o p u l a t i n g a t t h e s e 2 d e n s i t i e s . 
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T a b l e V I I I : P r o b a b i l i t y m a t r i x , s h o w i n g t h e v a l u e s o f p f o r c o m p a r i s o n 
b e t w e e n t h e v a r i o u s d e n s i t i e s . 
1 3 6 12 25 50 
1 
3 0 . 1 2 5 -
6 0 . 1 2 5 0 . 1 2 5 
12 0 . 1 2 5 0 . 1 2 5 0 . 1 2 5 
2 5 0 . 0 3 0 . 0 3 0 . 0 3 0 . 0 3 
50 0 . 1 2 5 0 . 0 8 0 . 0 3 0 . 0 3 0 . 0 3 
F i g u r e 5 s h o w s c e r t a i n t r e n d s i n t h e numbers o f p a i r s c o p u l a t i n g o v e r 
t h e f i v e m i n u t e p e r i o d s i n t h e a r e n a . A t d e n s i t i e s o f 5 0 , 25 a n d 12 p a i r s 
t h e n u m b e r s c o p u l a t i n g a r e h i g h i n t h e f i r s t f i f t e e n m i n u t e s and t h e n 
d e c r e a s e . . A t t h e l o w e r d e n s i t i e s (1 and 3 p a i r s ) t h e number c o p u l a t i n g 
i n c r e a s e d w i t h t i m e t o t w e n t y m i n u t e s a n d t h e n d e c r e a s e d s l i g h t l y o v e r 
t h e l a s t f i v e m i n u t e p e r i o d . W i t h 6 p a i r s t h e r e w a s l i t t l e v a r i a t i o n o v e r 
t h e w h o l e t i m e p e r i o d . T h e p r o b a b i l i t y m a t r i x T a b l e 8 s h o w s s i g n i f i c a n t 
d i f f e r e n c e s f o r t h e number i n c o p u l a b e t w e e n 2 5 p a i r s and a l l o t h e r 
d e n s i t i e s . I t a l s o shows d i f f e r e n c e s b e t w e e n 50 p a i r s and 6 , a n d 12 p a i r s 
b u t n o t b e t w e e n 50 and 1 a n d 3 p a i r s . 
FIG U 
50 
AO 
30 
c 20 
10 
0 1 3 6 12 25 50 
PR5 / DISH 
60 
FIG5 
d = 3prs d=1 pr 
40 
20 
0 
d= 12 prs d = 6 prs 
40 
g 20 
£ 
m 
- 0 
< 
CL 
O 
40 
d = 50 prs d=25prs 
20 
0 
0 10 20 30 0 
TIME (mins) 
10 20 30 
FIG 6 
mean± 1 se. 
EZ2 m $ + v £ 
LU 
LU 
LL 30 
7, Y, 00 CD 
CD 
LU 
20. 44 47 
Y> 
Ys Y, 10. ' / 
Y Y, Y Y Y, Y 
Ys Y Y, Y o 
1 3 6 12 25 50 
PRS/ DISH 
T h e f e c u n d i t i e s o f f e m a l e s a t d i f f e r e n t d e n s i t i e s a r e g i v e n i n 
T a b l e IX and F i g u r e 6, w h i c h show t h e mean numbers o f e g g s p r o d u c e d a t 
e a c h d e n s i t y by f e m a l e s a s s o c i a t e d w i t h m a l e s a n d by m a t e d f e m a l e s 
a s s o c i a t e d w i t h v i r g i n f e m a l e s . 
T a b l e IX : T h e mean number o f e g g s p r o d u c e d p e r f e m a l e a t v a r i o u s d e n s i t i e s . 
I n i t i a l d e n s i t y 
n o . o f p a i r s 
No. o f 
r e p l i c a t e s ( n ) 
Mean n o . o f 
e g g s / ? a s s o c . 
w i t h 6* + S . E . 
Mean n o . o f 
e g g s / m + a s s o c . 
wi th v ? + S . E . 
1 8 3 0 . 3 + 7 . 6 2 4 . 5 + 3 . 9 
3 6 2 8 . 3 + 2 . 0 2 2 . 2 + 5 . 8 
6 4 2 6 . 6 + 1 . 5 2 8 . 1 + 3 . 6 
12 4 1 9 . 0 + 2 .1 1 7 . 7 + 1 . 7 
25 3 1 0 . 8 + 1 . 3 1 4 . 9 + 0 . 2 4 
50 3 1 7 . 0 + 1 .4 -
T h e means w e r e c o m p a r e d u s i n g s t u d e n t t - d i s t r i b u t i o n i n o r d e r t o show 
s i g n i f i c a n t d i f f e r e n c e s b e t w e e n t h e numbers o f e g g s l a i d a t d i f f e r e n t 
d e n s i t i e s . O n l y s i g n i f i c a n t d i f f e r e n c e s a r e shown i n T a b l e X , 
T a b l e X : C o m p a r i s o n o f numbers o f e g g s a t d i f f e r e n t d e n s i t i e s f o r 
? a s s o c i a t e d w i t h o*. 
D e n s i t i e s 
c o m p a r e d f o r ? 
w i t h 
t ( n + n - 2 ) P 
1 : 50 4 . 4 < 0 . 0 0 1 
1 : 2 5 6 . 6 < 0 . 0 0 1 
1 : 12 3 . 6 < 0 . 0 0 2 
3 : 50 6 . 2 < 0 . 0 0 1 
*i 
3 
: £ 3 
r\ -J 
3 - / <>u.uui 
3 : 12 4 . 6 < 0 . 0 0 1 
6 : 50 5 . 7 < 0 . 0 0 1 
6 : 2 5 9 . 5 < 0 . 0 0 1 
6 : 12 4 . 0 < 0 . 0 0 2 
12 : 2 5 4 . 5 < 0 . 0 0 2 
25 : 50 3 . 8 <0 . 01 
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T a b l e XI : C o m p a r i s o n o f n u m b e r s o f e g g s a t d i f f e r e n t d e n s i t i e s f o r 
¥ a s s o c i a t e d w i t h v i r g i n ( v ) ? 
D e n s i t i e s 
c o m p a r e d 
m v o 
t ( - n 1 + n 2 - 2 ) P 
1 : 25 4 . 7 0 . 0 0 1 
1 : 12 2 . 9 0 . 0 2 
3 : 25 3 . 0 0 . 0 0 1 
6 : 25 6 . 8 0 . 0 0 1 
6 : 12 4 . 5 0 . 0 0 3 
T h e r e s u l t s show s i g n i f i c a n t d i f f e r e n c e s b e t w e e n t h e n u m b e r s o f e g g s 
l a i d a t d e n s i t i e s o f 1 , 3 and 6 p a i r s a n d 1 2 , 25 and 50 p a i r s . T h e number 
o f e g g s p r o d u c e d by 12 p a i r s o f f e m a l e s a s s o c i a t e d w i t h m a l e s d i f f e r e d 
s i g n i f i c a n t l y f r o m t h e number p r o d u c e d by 25 and 50 p a i r s p e r d i s h 
( T a b l e X ) . 
T a b l e XI s h o w s s i g n i f i c a n t d i f f e r e n c e s b e t w e e n t h e n u m b e r s o f e g g s 
l a i d by m a t e d f e m a l e s a s s o c i a t e d w i t h v i r g i n f e m a l e s a t d e n s i t i e s o f 
1 a n d 6 a n d a t 25 and 12 p a i r s . A l s o t h o s e p r o d u c e d by 3 p a i r s d i f f e r e d 
s i g n i f i c a n t l y f r o m t h e numbers p r o d u c e d a t 25 p a i r s p e r d i s h . 
No s i g n i f i c a n t d i f f e r e n c e s w e r e f o u n d b e t w e e n t h e n u m b e r s o f e g g s 
p r o d u c e d by f e m a l e s k e p t w i t h m a l e s and t h o s e k e p t w i t h v i r g i n f e m a l e s 
a t t h e same d e n s i t y . 
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D i s c u s s i o n 
T h e r e s u l t s show t h e t r e n d t h a t a s d e n s i t y o f a d u l t s i n c r e a s e s t h e 
numbers c o p u l a t i n g d e c r e a s e , a n d f e c u n d i t y o f f e m a l e s i s r e d u c e d . B e a r i n g 
i n mind t h a t a s e x pheromone s y s t e m i s i n o p e r a t i o n a t a low d e n s i t y i t i s 
p o s s i b l e t h a t m a l e s r e l y on t h i s t o f i n d a f e m a l e s o , a s shown a t t h e l o w e s t 
d e n s i t y , c o p u l a t i o n d o e s n o t o c c u r a t o n c e , b u t n u m b e r s c o p u l a t i n g i n c r e a s e 
w i t h t i m e . A t t h e h i g h d e n s i t i e s m a l e s p r o b a b l y l o c a t e f e m a l e s q u i c k l y by 
c h a n c e c o n t a c t , a s w e l l a s u t i l i z i n g t h e p h e r o m o n e . As t i m e p r o g r e s s e s t h e 
c o n c e n t r a t i o n o f pheromone w i l l b u i l d up i n t h e a r e n a and may l e a d t o 
c o n f u s i o n o f t h e m a l e s . A l s o a t h i g h d e n s i t i e s s i n g l e m a l e s w e r e o f t e n s e e n 
t o b r e a k up c o p u l a t i n g p a i r s , a n d s e v e r a l c a s e s w e r e o b s e r v e d w h e r e one 
f e m a l e was b e i n g c o u r t e d by two m a l e s . T h e r e f o r e a s t i m e a d v a n c e d t h e 
number c o p u l a t i n g a t t h e h i g h d e n s i t i e s d e c r e a s e d d u e t o c o n f u s i o n o f , and 
c o m p e t i t i o n b e t w e e n , m a l e s . From F i g u r e 5 i t i s s e e n t h a t t h e s k e w o f t h e 
h i s t o g r a m s d e v e l o p s f r o m a n e g a t i v e s k e w a t h i g h d e n s i t i e s t o a p o s i t i v e 
s k e w a t low d e n s i t i e s . 
T h e f e c u n d i t y o f f e m a l e s a s s o c i a t e d w i t h m a l e s f e l l w i t h i n c r e a s i n g 
d e n s i t y , numbers o f e g g s p r o d u c e d a t low d e n s i t i e s b e i n g s i g n i f i c a n t l y 
h i g h e r t h a n numbers p r o d u c e d a t h i g h d e n s i t i e s . 
T h e s e r e s u l t s may be e x p l a i n e d i n s e v e r a l w a y s : 
( i ) A t h i g h d e n s i t i e s i n t e r f e r e n c e w i t h o v i p o s i t i o n w i l l be i n c r e a s e d . 
( i i ) B r e a k i n g up o f c o p u l a t i n g p a i r s b e f o r e c o m p l e t e c o p u l a t i o n h a s 
o c c u r r e d . 
( i i i ) A d e l a y i n c o p u l a t i o n w i l l l e a d t o r e d u c t i o n i n n u m b e r s a s o l d e r 
f e m a l e s p r o d u c e f e w e r e g g s , ( A z a b , 19^*3) -
( i v ) C o n f u s i o n o f m a l e s d u e t o h i g h c o n c e n t r a t i o n o f pheromone may 
d e c r e a s e t h e i r a b i l i t y t o l o c a t e f e m a l e s . 
T h e f e c u n d i t y o f mated f e m a l e s a s s o c i a t e d w i t h v i r g i n f e m a l e s a l s o 
d e c r e a s e d w i t h i n c r e a s i n g d e n s i t y . 
P o s s i b l e e x p l a n a t i o n s o f t h i s e f f e c t a r e : 
( i ) I n t e r r u p t i o n o f o v i p o s i t i o n a t h i g h d e n s i t y . 
( i i ) C o m p e t i t i o n f o r o v i p o s i t i o n s i t e s . 
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U t i d a (1941) f o u n d w i t h C. c h i n e n s i s t h a t t h e r e was an opt imum 
d e n s i t y f o r c o p u l a t i o n f r e q u e n c y , a s a t low d e n s i t i e s t h e i n s e c t s had 
l e s s c h a n c e o f m e e t i n g a n d a t h i g h d e n s i t i e s i n t e r f e r e n c e f r o m o t h e r 
i n s e c t s b r o k e up p a i r s . W i t h S_. pan i c e urn no opt imum d e n s i t y was f o u n d 
f o r c o p u l a t i o n f r e q u e n c y , p o s s i b l y b e c a u s e t h e c o n t a i n e r s u s e d w e r e 
s m a l l and m a l e s a n d f e m a l e s f o u n d e a c h o t h e r w i t h i n a s h o r t t i m e . 
McLagan and Dunn (1935) w o r k i n g w i t h _T. c o n f u s u r n f o u n d t h a t a t low 
d e n s i t i e s , f r e q u e n c y o f c o p u l a t i o n i n c r e a s e d w i t h i n c r e a s i n g d e n s i t y 
up t o a d e n s i t y o f 0.4 i n s e c t s p e r g r a i n , a b o v e w h i c h i t d e c r e a s e d , 
s o t h a t an opt imum d e n s i t y was a g a i n f o u n d . 
T h e f e c u n d i t y o f f e m a l e s a s s o c i a t e d w i t h m a l e s d e c r e a s e d w i t h 
i n c r e a s i n g d e n s i t y . U t i d a (1941) a l s o f o u n d t h i s w i t h C^. c h i n e n s i s and 
r e a s o n e d t h a t , a s t h e d e n s i t y i n c r e a s e d a n d f r e q u e n c y o f c o p u l a t i o n 
d e c r e a s e d t h a t t h e number o f u n f e r t i l i z e d f e m a l e s i n c r e a s e d , p r o d u c i n g 
f e w e r e g g s . F o r v i r g i n _S. p a n i c e u m a b o u t 1.5 i n f e r t i l e e g g s a r e p r o d u c e d 
p e r f e m a l e ( B a r r a t t , 1975). I t a p p e a r s t h a t i f p a i r s do n o t c o p u l a t e i n 
t h e b a c k - e n d t o b a c k - e n d p o s i t i o n f o r a t l e a s t o n e m i n u t e t b e 
s p e r m a t o p h o r e may n o t be t r a n s f e r r e d f r o m t h e m a l e r e s u l t i n g i n t h e 
p r o d u c t i o n o f v e r y few f e r t i l e e g g s , ( B a r r a t t , 1975). T h i s may o c c u r 
a t h i g h d e n s i t i e s due t o i n t e r r u p t i o n o f c o p u l a t i n g p a i r s . 
I n t e r f e r e n c e w i t h o v i p o s i t i n g f e m a l e s w i l l i n c r e a s e f r o m b o t h m a l e s 
and f e m a l e s a t h i g h d e n s i t i e s . C r o m b i e (1943) w o r k i n g w i t h T . c o n f u s u m 
a n d U t i d a (194l) w i t h c h i n e n s i s b o t h f o u n d t h i s e f f e c t , t h e r e b y 
d e c r e a s i n g t h e numbers o f e g g s o v i p o s i t e d . A t h i g h d e n s i t i e s m a i e s may 
t a k e l o n g e r t o s t a r t c o p u l a t i o n , due t o s a t u r a t i o n o f t h e a t m o s p h e r e by 
t h e p h e r o m o n e . O l d e r f e m a l e s p r o d u c e f e w e r e g g s and t h i s may t h e r e f o r e 
c o n t r i b u t e t o t h e d e c r e a s e i n f e c u n d i t y . 
W i t h t h e mated f e m a l e s a s s o c i a t e d w i t h v i r g i n f e m a l e s , none o f t h e s e 
c o p u l a t i o n p r o b l e m s a r i s e . As p r e v i o u s l y s t a t e d w o r k e r s h a v e f o u n d t h a t 
i n t e r f e r e n c e w i t h o v i p o s i t i o n a n d c o m p e t i t i o n f o r o v i p o s i t i o n s i t e s l e a d s 
t o r e d u c e d n u m b e r s o f e g g s b e i n g p r o d u c e d . In t h i s c a s e when t h e d e n s i t y 
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e x c e e d s 12 i n s e c t s p e r d i s h t h e numbers o f e g g s p r o d u c e d a r e s i g n i f i c a n t l y 
r e d u c e d . No s i g n i f i c a n t d i f f e r e n c e s w e r e f o u n d i n t h e n u m b e r s o f e g g s 
p r o d u c e d i n t h e s e e x p e r i m e n t s a t c o m p a r a b l e d e n s i t i e s . T h i s s u g g e s t s 
t h a t i n t e r f e r e n c e w i t h o v i p o s i t i o n and c o m p e t i t i o n f o r o v i p o s i t i o n s i t e s 
a r e t h e m a i n d e p r e s s o r s o f f e c u n d i t y a t h i g h d e n s i t i e s . I t i s p o s s i b l e 
t h e r e f o r e t h a t u n d e r t h e s e c o n d i t i o n s t h e e f f e c t o f d e n s i t y on c o p u l a t i o n 
f r e q u e n c y h a s l i t t l e e f f e c t on t h e f e c u n d i t y o f t h e f e m a l e s , o r t h a t t h e 
r a n g e o f d e n s i t i e s was n o t g r e a t e n o u g h ( p a r t i c u l a r l y a t t h e low e n d ) t o 
d i s p l a y t h i s e f f e c t . 
VI . Experiment k 
A l i f e table and ca lcu la t ion of the capacity for increase of 
S_. pan i ceum. 
Introduction 
L i f e tables are v i t a l tools in the understanding of population 
dynamics as they provide information on expectation of further l i f e and 
on surv iva l or mortal i ty ra tes . In the following experiment an 
age -spec i f i c l i f e table was constructed, based on the fate of a real cohort 
of individuals a l l belonging to a s ingle generation (Southwood, 1966) . 
Time s p e c i f i c l i f e tables are a lso commonly used, but these are based on 
individuals from d i f fe rent generations and therefore are not appl icable 
in this one generation s i t u a t i o n . In th is case only an adult l i f e table 
was constructed, the pre-imaginal stages being excluded. 
Where a pest species is concerned i t is important to determine the 
rate at which the population can multiply under spec i f ied condit ions. To 
determine the capacity for increase or the i n t r i n s i c rate of natural 
increase a fecundity table was drawn up from data on the number of female 
eggs produced per female. 
Lokta (1925) devised the following formula for determination of the 
i n t r i n s i c rate of natural increase for the human population, and his 
equation was la ter used by workers for insect populations. 
rN 
N e r t ( i ) o 
number of indiv iduals at time, t , 
number of indiv iduals at time, o , 
growth rate of population, 
base of the natural logs, 
' r ' is the population growth rate in an unlimited environment with 
a stable age d i s t r i b u t i o n , which corresponds to the i n t r i n s i c rate of 
dn 
dt 
or N t 
where 
N 
o 
r 
e 
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natural increase, r ., ( B i r c h , 1948; Andrewartha and B i r c h , 195*0. 
m 
The s i tuat ion described below is however equivalent to a pioneering 
population of S . pan iceurn invading a vacant environment. Laughlin (1965) 
used the s t a t i s t i c , r , the capacity for increase, to apply to such a 
population with no overlapping generations. This s t a t i s t i c is derived 
from the surv iva l rates and reproductive capacity of a cohort of females, 
the equation being: 
f 
c = loge R 0 , . . \ 
Tc " ( , , ) 
Where RQ = net reproductive rate , or the number of times a population 
mul t ip l ies per generation, 
T £ = cohort generation time or the mean age of mothers in the cohort 
at the time of production of female o f fspr ing . 
R is determined from the fecundity tab le , which shows the numbers o ' 
of female eggs produced per female during each time i n t e r v a l . 
R = I 1 m ( i i i ) o x x 
where 1 = number of survivors at s t a r t of age interval x. 
X 
m = fecundity rate corresponding to the number of female eggs per 
female per age interval x. 
T = E 1 mx x ( iv ) 
L I m 
X X 
Female oviposi t ion is extended over a period of time although i t may be 
considered to be concentrated at one point of time, successive generations 
being spaced T,. units apart . The product of 1 m in the las t column 
V p X X 
of Table XI I I is a frequency d is t r ibut ion with the individual items 
concentrated at the mid-point of each age group. The mean of th is 
d is t r ibu t ion is the approximate value of T . 
Method 
The sex of the insects was determined during the pupal stage as 
described e a r l i e r . When one day o l d , 2 males and 2 females were each 
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placed in a 5 x 1cm glass v i a l containing a few coarse f lakes of wheat 
to provide ov iposi t ion mater ia l . A s t r i p of f i l t e r paper was provided 
for the insects to climb on. The wheat and f i l t e r paper were checked 
dai ly under a X10 microscope for eggs, and the presence of dead females 
noted. I f a male died i t was replaced by one of a s im i l a r age. This 
experiment was performed using 50 pa i rs of beetles and was continued 
unt i l the l a s t female died. 
Results 
A fecundity table (Table XII ) was drawn up from the data obtained, 
namely number of eggs produced per female and day of female death. As a 
1 : 1 sex rat io was again assumed the number of female eggs produced was 
taken to be 50% of the total number produced. Since the egg laying period 
was f a i r l y shor t , s ing le da i ly age c l a s s e s were used. These resu l ts were 
plotted in Figure 7 , which shows the number of female eggs produced per 
female. The curve is negatively skewed, with a peak at 4 days followed 
by a gradual decl ine unt i l day 12. The majority of eggs (94%) was la id 
in the f i rs t 8 days. 
Table XII : Fecundity table for female _S. paniceum ca lcu la ted from 
a cohort of 50 adult p a i r s . 
Age 
X days 
{ Woj surviving 
N a t s t a r t of 
age c l a s s lx 
No. of ? 
eggs/°-/day, 
mx + S . E . 
Vx 
lx mx 
0 1 .0 o-'/'J-o 0 0 
1 1.0 0 0 
A £- 1 A I . U A U r\ U 
3 0.98 1.85 + 0 .8 1.813 
4 0.98 4 . 7 5 + 1.4 4 .655 
5 0.98 3 .45 + 0 .8 3.280 
6 0.98 2 .65 + 0 .3 2.597 
7 0.96 2 .75 + 0 .5 2.640 
8 0.94 2 .05 + 0 .5 1.930 
9 0.94 0 .53 + 0 .05 0.498 
10 0.90 0 .43 + 0.04 0.397 
11 0 .78 0 .15 0.119 
FIG7 
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The capacity for increase was ca lculated from the fecundity table 
as fol lows: 
R = Z 1 m o x x 
RD = 17.93 
T = Z 1 m x c x x 
E 1 m x x 
T c = 5.56 
r = log c 3 e 
T 
c 
r c = 0.52/beetle/day 
A l i f e table (Table X I I I ) was constructed from the number of females dying 
per day. The rate of morta l i ty , and mean expectation of fur ther l i f e , 
e were ca lcu la ted as shown for adult female beetles only, x 1 
The expectation of further l i f e was ca lcu la ted as fo l lows: 
Numbers of animals a l i v e between age x and x + 1 = 
-x + 1 
L = ) I d (v) x J x x 
or L = 1 + 1 (x + 1) s ince age in te rva ls are small 
X X 
2 
The total number of animals at x age units beyond the age x , is 
given by: 
T = L + L( + 1) + L( + 2 ) L (v i ) 
X X X X w 
In p rac t ice th is is found by summing the L column from the bottom 
X 
upwards. 
The6re t ica l ly the expectation of further l i f e i s : r » = I d ( v i i ) X J X X X 
1 
X 
The rate of mortal i ty 1000 q was obtained from the formula 
X 
1000 q = 1000 d (vi i i ) ^x _x 
1 
x 
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Table XI I I Adult l i f e table for female S_. paniceum calculated from a 
v , . cohort of 50 females. 
^ ^ 
Pivotal age 
^No.) surviving at j 
s t a r t of age c l a s s ^ 
K 
NoJ dying 
d x 
Rate of mortal i ty 
1000q x 
Mean expectation 
of further 1i fe 
e 
X 
0 1.00 0.00 0.00 12.47 
1 1.00 0.00 0.00 11.47 
2 1 .00 0.02 20.00 10.47 
3 0.98 0.00 0.00 9.66 
4 0.98 0.00 0.00 8.66 
5 0.98 0.00 0.00 7.66 
6 0.98 0.02 20.40 6.66 
7 0.96 0.02 20.83 5.79 
8 0.91* 0.00 0.00 4.90 
9 0.94 0.04 42.55 3.90 
10 0.90 0.12 113.30 3.05 
11 0.78 0.24 307.69 2.45 
12 0.54 0.12 222.20 2.31 
13 0.42 0.20 476.20 1.83 
14 0.22 0.14 636.40 2.05 
15 0.08 0.02 250.00 3.75 
16 0.06 0.02 333.00 3.83 
17 0.0*4 0.00 0.00 4.50 
18 0.04 0.00 0.00 3.50 
19 0.04 0.00 0.00 2.50 
20 0.04 0.02 500.00 1.50 
21 0.02 0.00 0.00 1.50 
22 0.02 0.02 1000.00 0.50 
23 0.00 0.00 0.00 0.00 
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A surv ivorship curve was constructed, (Figure 8) by p lot t ing the 
number of survivors lx against age x. From th is i t can be seen that the 
maximum mortal i ty occurs in the period from 10-16 days, which is a f te r 
the time of maximum egg production (day 4-8) see (Tab1e XI I I and Figure 7 ) • 
The mean expectation of l i f e decreases for most of the adult l i f e 
span (Tab 1eXI I I ) . The average length of l i f e was 12 .5 days and 78% of 
females had died by day 14. At th is point the mean expectation of further 
l i f e increased to day 17 and then decl ined. The oldest female l ived to 
23 days, suggesting i t may have copulated very late in i t s l i f e span since 
on day 17, 18 eggs were produced. Another female l ived for 20 days. This 
occurrence was not included in the ca lcu la t ion for the rate of increase , 
however r was ca lculated using these resu l ts and was found to be 0 . 5 0 1 / b e e t l e / 
day as opposed to 0 .52 /beet le /day using the rest of the population 
Di scussion 
The l i f e and fecundity tables were prepared to allow the capacity for 
increase , r , to be c a l c u l a t e d , using the formula c i ted in the introduction 
of th is chapter. The parameter r re fers to a population with no overlapping 
c 
generations which was the case here. If several generations had been 
included, and had overlapped to produce a stable age d is t r ibu t ion the 
parameter r , (the innate capacity of natural increase) should have been 
ca lcu la ted (Laughlin, 1965). With a population from a cohort a l l the same 
age, successive generations overlap more and more unt i l ind iv iduals of a l l 
ages are present. I n i t i a l l y the slope of the log curve of equation ( i ) . 
log N - r. + log N ( ix ) 3 e t " t M e o 
is r then as overlapping of generations increases the slope reaches the 
value r m (Laughl in, 1965) . The present experiment determines r^, which is 
described by the i n i t i a l slope of the curve so obtained. The ra t io of 
r : r £ depends upon the length of the reproductive per iod, and the net 
reproductive rate; as e i ther of these increase |- a lso increases with 
respect to r . 
There are many problems associated with ca lcu la t ing rates of increase 
for a population as pointed out by Lefkovitch (1963)• He agrees with 
Slobodkin that population growth can be expressed approximately by the 
equation: 
N = N e r t t o 
Lefkovitch continues to argue that , although a constant, ' r ' i s not 
the innate capacity for increase since N q is the number of adults at time 
o (therefore they are a l l the same age) and refers to numbers in a 
mixed stage population. Therefore only when the population st ructure is 
constant over a period of time can one expect the rate of increase to be 
constant. As r^ was calculated in th is experiment the adults were a l l the 
same age and th is problem does not a r i s e . The capacity for increase r , 
which was calculated above is therefore a good approximation for _S. paniceum 
under these condit ions. 
Most of the eggs obtained were la id within the f i r s t 8 days of the 
female's l i f e span, therefore in a population the young mothers contribute 
more to the rate of increase than older mothers. As paniceum adults are 
non-feeding, the i r food reserves are used up as they age, so that young 
females w i l l have greater food reserves and w i l l consequently have a higher 
fecundity than older females. As they age the food reserves w i l l be 
depleted and the fecundity w i l l decrease (Azab, 1943 ) . I t is thus an 
obvious advantage for Sk% of eggs to be la id before day 8 , or as ear ly as 
poss ib le . 
Slobodkin (1965) showed four basic types of survivorship curve 
(Figure A ) . 
Age x 
Figure A. Types of surv ivorship curves (a f ter Slobodkin, 1965) 
Type I. Mortality acts mainly on the older stages 
Type II ( lx sca le ar i thmetic) constant number die per unit time 
Type I I I ( lx s c a l e logarithmic gives a s t ra ight l ine ) mortal i ty r a t e ^ 
is constant ^ ^ U ^ 
Type IV mortal i ty acts heavi ly on the younger indiv iduals 
I f curves are plotted for a l l the stages of the l i f e cyc le a s e r i e s 
of d i s t i n c t steps is shown (I to, 1961) . In th is case however only the 
adult stage is considered so th is e f fec t is not shown. The curve for 
_S. paniceum adults corresponds mostly to Type I, with most mortal i ty 
occurring in the la te r part of the adult l i f e span. This curve is 
s im i l a r to ones obtained for Lactaodectus mactans the black widow spider 
(Deevy and Deevy, 19^5) and for Tribo 1 iurn confusum ( P e a r l , Park and 
Miner, 19^*1). 
V I I . Experiment 5 
The e f fec t on the progeny population of providing female j>. paniceum 
with antennectomised males at low densi ty , and a comparison of copulatory 
success between antennectomised and control males. 
Introduction 
This experiment was designed in order to invest igate the importance 
of the female sex pheromone in a t t rac t ing the male for mating. There are 
several ways of removing or s i g n i f i c a n t l y reducing the influence of the 
sex pheromone on the male, one of which is to remove the chemosensory 
receptors of the males. I t has been shown that these receptors are located 
on the three d is ta l segments of the antennae (Bar ra t t , 1975 unpublished). 
Removal of these leads to f a i l u r e by the males to respond to the presence 
of females. The major disadvantage of th is technique is the p o s s i b i l i t y 
of a f fect ing the insects in some way other than purely removing s e n s i t i v i t y 
to the pheromone. These e f fec ts might include interference with humidity 
responses or changes in behavioural c h a r a c t e r i s t i c s . 
A further experiment was performed to compare copulatory success of 
antennectomised and normal males. This was measured in terms of time taken 
for antennectomised males and control males to f ind females and copulate. 
This is d i r e c t l y relevant to the major part of th is experiment as i t could 
be a factor influencing the resu l ts obtained. 
Method 
The method of operation on males was as fol lows. They were held under 
a s t r i p of f i l t e r paper with thei r heads project ing and the three d i s t a l 
segments of the antennae removed by a small s c a l p e l . Males were 
antennectomised in th is way when three days o ld , as younger insects did not 
recover w e l l . They were allowed three days to recover, being kept in 
5 x 1cm glass v i a l s in groups of 10. When s i x days old they appeared 
comparable with control males in terms of a c t i v i t y and general appearance, 
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and were then introduced with females into the cul ture medium in dens i t ies 
as shown in Table XIV. The time taken for the f i r s t adult of fspr ing to 
emerge was noted and the number of progeny counted every three days, unt i l 
a l l the insects had emerged. 
In the second part of th is experiment males were antennectomised as 
before and kept unt i l s i x days old before experimentation. The copulation 
arena was a 9cm diameter petr i dish inverted on a c i r c l e of f i l t e r paper 
of larger diameter. From preliminary experiments, i t was decided that 
two males and two females per dish gave consistent r e s u l t s . The insects were 
introduced to the arena and the number copulating within f i f teen minutes 
noted. This time span was chosen as the majority of control males had 
copulated within th is period. Clean dishes and fresh f i l t e r paper were 
used for each test to avoid a build up of pheromone on the surfaces which 
might have led to confusion of control and experimental i n s e c t s . 
The technique used for antennectomy was preferred to anaesthet is ing 
males or c h i l l i n g them because they often withdraw the i r antennae under 
these conditions which made removal of the apical segments d i f f i c u l t . 
Results 
The following resu l ts show the mean number of progeny emerging per 
female, and the number of days to emergence. The resu l ts were s t a t i s t i c a l l y 
compared using a-"Student t - t e s t to show s i g n i f i c a n t d i f ferences in numbers 
of progeny per female at each densi ty , (Table XIV, Figure 9 ) • 
Table x iv . Mean number of progeny per female and the mean number of days 
to adult emergence of the of fspr ing from females kept with 
antennectomised and control males at two low d e n s i t i e s . 
I n i t i a l density Treatment No. 
repl 
of 
i cates 
Mean No. of days 
to emergence 
+ SE 
Mean no. of 
proggny 
per + + SE 
P 
5 
5 
Control 
Experimental 
8 
8 
42.8 + 0.6 
45.6 + 1.1 
53-4 + 2 8 
20.4 t H <0.001 
15 
15 
Control 
Experioental 
4 
4 
42.5 + 1.1 
45.3 + 1.7 
53.7 + 1.7 
28.8 + 7.1 <0.001 
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Table XV . Mean number of progeny per female per 3 days + standard e r r o r . 
No. of days 
from s t a r t of 
experiment. 
Mean no. of progeny/?/3 days + SE 
Con. 5 Con. 15 Expt. 5 Expt. 15 
42 7.1 + 1. 5 7.7 + 2 . 6 - -
45 22.8 + 1. 3 26 .9 + 2 . 0 2 . 4 + 1. 1 1.5 + 0 .5 
48 15-9 + 2 . 5 14.4 + 1.9 5 . 6 + 1 . 1 4 .2 + 0 .7 
51 5.1 + 0. 8 3.0 + 0 .6 5 .9 + 2 . 4 6.2 + 0.6 
54 2.0 + 0. 3 0 .9 + 0.1 3 . 9 + 1 . 2 7.6 + 1.2 
57 0 .5 + 0. 1 0 .4 + 0 .2 1.8 + 0. 5 6.1 + 0.4 
60 0.2 + 0. 1 0 .4 + 0 .2 0 .4 + 0. 1 2.1 + 0 .3 
63 0.2 + 0. 1 0 .2 + 0 .03 0 .4 + 0. 1 0 .7 + 0.2 
66 0.1 + 0. 05 0.4 + 0.1 
For the second part of the experiment the number of pai rs of a 
possible 40, copulating within f i f t een minutes were recorded, together 
with the time at which copulation occurred. 
Table XVI . Numbers of insect pai rs copulating within f i f teen minutes 
and mean time taken for copulation to begin. 
Number copulating Mean time before 
wi thin 15 mins. copulation (mins) + SE 
Control 38 6.0 + 0 .7 
Experimental 2 12 mins 
14 mins 
From these resul ts i t appears that progeny from females kept with 
antennectomised males s t a r t to emerge three days la ter than the progeny 
of control i n s e c t s . The total number of progeny from the experimental 
insects was s i g n i f i c a n t l y lower than that of the control i n s e c t s . The 
number of of fspr ing produced by experimental insects was 40% of that 
produced by the control parents. 
In the second part of the experiment i t was found that the time 
taken for copulation by experimental animals was much longer than for 
the control animals. Of the controls 94% copulated withi:n f i f t een 
minutes, whereas only 5% of the experimental insects did so. 
Di scuss ion 
These experiments demonstrate that removal of male s e n s i t i v i t y to 
the sex pheromone of female Stegobium paniceum e f f e c t i v e l y reduces the 
female fecundity. This is presumably because, at the low dens i t ies used 
here, the male insects depend largely upon the guidance of the female sex 
pheromone to locate the females for copulation. At low density the 
meeting of a male and female insect due to chance encounter is reduced. 
This is ref lected in the fact that at the higher of the two densi t ies 
used here, the degree of d i f ference between the numbers of progeny for 
the control and experimental s i tua t ions was s l i g h t l y reduced although 
th is was not a s i g n i f i c a n t d i f ference . 
The experimental animals took an average of 3 days longer to emerge 
than the control animals. This was probably a resu l t of the experimental 
males taking longer to f ind females so that copulation consequently 
occurred la ter than with control animals. 
When the numbers of of fspr ing were compared every 3 days, those from 
the experimental populations were cons is tent ly lower than from the control 
population. The time taken for successful copulation by the experimental 
animals was a lso longer than for the control animals. These resu l ts 
therefore confirm the importance of the female sex pheromone in the 
location of the female by the male for mating. The reduction in number 
of of fspr ing may be due to several e f f e c t s ; some females may never have 
mated, s ince several insects were found to be a l i v e a f te r 25 days in the 
experimental s i t u a t i o n , but none were found amongst the cont ro ls . As 
v i rg ins are known to l i v e longer (21.5 + 0.4 days as opposed to 15.3 + 0.5 
for mated females) (Bar ra t t , unpublished), th is suggests that these insects 
were probably v i r g i n s , which only lay a few i n f e r t i l e eggs. This would 
c l e a r l y reduce the total number of progeny. Another possible cause of 
apparently reduced female fecundity is the d i f f i c u l t y experienced by 
operated males in f inding females, so that copulation may occur la te r in 
the female adult l i f e span. As previously mentioned the fecundity of the 
females i s reduced w i t h age which would a l s o lead to a d e c r e a s e in numbers 
of o f f s p r i n g . Operated males may be l e s s v i a b l e than i n t a c t males and 
t h i s could e x p l a i n the reduced female f e c u n d i t y . Antennectomised males 
were a l lowed 3 days to r e c o v e r from the o p e r a t i o n a f t e r which they appeared 
as a c t i v e and h e a l t h y as c o n t r o l m a l e s . However a change in behav iour 
was o b s e r v e d , namely that males o f t e n rose on t h e i r h ind legs and moved 
in a c i r c u l a r f a s h i o n w i t h t h e i r wings o u t s t r e t c h e d . T h i s happened 
almost e x c l u s i v e l y w i t h antennectomised males and might be the r e s u l t o f 
the removal o f h y g r o r e c e p t o r s as w e l l as the chemoreceptors . T h i s may 
lead to i n s e c t s spending more t ime t e s t i n g the a tmospher ic h u m i d i t y , 
i n s t e a d of s e a r c h i n g f o r females f o r c o p u l a t i o n , hence i n c r e a s i n g the 
t ime taken to l o c a t e females and c o p u l a t e . However i t i s thought tha t 
t h i s i s u n l i k e l y and tha t the pheromone e f f e c t can be he ld r e s p o n s i b l e 
fo r the r e s u l t s o b t a i n e d . 
The l e v e l s of genera l a c t i v i t y of the antennectomised males might 
have been reduced but t h i s was not o b v i o u s . The a c t i v i t y of the opera ted 
males appeared to be norma l , however i t i s known tha t opera ted males l i v e 
longer than c o n t r o l s due to decreased m e t a b o l i c r a t e . 
V I M . GENERAL DISCUSSION 
A l l animal p o p u l a t i o n s a re s u b j e c t to inherent c o n s t r a i n t s upon 
t h e i r popu la t ion growth, such as a l i m i t e d r e p r o d u c t i v e c a p a c i t y , 
l i m i t e d c a p a c i t y f o r food and a l i m i t e d range of movement. A l l these 
f a c t o r s vary from s p e c i e s to s p e c i e s and depend on envi ronmenta l 
c o n d i t i o n s . Compet i t ion w i t h i n and between s p e c i e s f o r f o o d , o v i p o s i t i o n 
s i t e s , i n t e r f e r e n c e from o t h e r i n d i v i d u a l s and c a n n i b a l i s m a l l l i m i t the 
s i z e of the p o p u l a t i o n , and i n t e r a c t to produce a unique r e s u l t f o r each 
s p e c i e s . 
T h i s s tudy has been p r i m a r i l y concerned w i th the demonst ra t ion of 
any e f f e c t s which d e n s i t y might have on r e p r o d u c t i v e and c o p u l a t o r y 
s u c c e s s of S .^ paniceum and on s u r v i v a l o f i t s immature s t a g e s . 
The e f f e c t s o f d e n s i t y were to d e c r e a s e apparent female f e c u n d i t y 
as a d u l t d e n s i t y i n c r e a s e d , w i th d e n s i t i e s ranging from 0 . 013 ~ 6 . 7 
a d u l t s / g o f food medium r e s u l t i n g in a progeny popu la t ion range from 
0 . 4 - 0 . 0 5 ^ y o u n g / g , cor respond ing to 61 progeny/ female and 8progeny / female 
r e s p e c t i v e l y . The r e g r e s s i o n a n a l y s i s in Exper iment 1 proved t h i s to be a 
f a i r l y s t r o n g r e l a t i o n s h i p , the c o r r e l a t i o n c o e f f i c i e n t ' r ' being - 0 . 9 1 5 
( P < 0 . 0 2 ) . Crombie (1943) found a s i m i l a r r e l a t i o n s h i p w i t h T . confusum, 
a l though t h i s i n s e c t has a much longer l i f e span than _S. paniceum females 
l i v i n g 447 days and males l i v i n g 63** days on a v e r a g e . 
U t i d a (1941) undertook a s i m i l a r s e r i e s of exper iments w i t h £ . c h i n e n s i s 
which i s a p e s t of leguminous seeds in s t o r a g e . The t o t a l d u r a t i o n of i t s 
l i f e i s 4 . 5 weeks. The a d u l t s l i v e f o r 10 days and o v i p o s i t i o n o c c u r s 
w i t h i n the f i r s t week, under exper imenta l c o n d i t i o n s ( 3 0 ° C , 70% r . h . ) 
The a d u l t l i f e span of C. c h i n e n s i s i s about h a l f t h a t of S .^ pan iceum and 
the average number o f o f f s p r i n g from one p a i r o f w e e v i l s was about 65 and 
egg f e r t i l i t y was 31%. T h e r e f o r e C_. c h i n e n s i s has a s h o r t e r g e n e r a t i o n 
t ime than pan iceum but the r e p r o d u c t i v e c a p a c i t y i s about the same. 
U t i d a used d e n s i t i e s ranging from 0 . 2 - 76 i n s e c t s / g of food medium, a 
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maximum number of progeny were produced at the intermediate densi ty , 
therefore he found an optimum density for reproduction of C. ch inens is . 
He suggested that th is e f fec t was due to there being a density where 
the weevils u t i l i z e the environment to best advantage, and th is density 
was the optimum for the population but not the ind iv idua l . 
The largest e f fec t on the resultant number of adults emerging from 
varying densi t ies of immature stages is produced by the egg stage, with 
up to 25% of eggs not producing adul ts . The larval ins tar mortal i ty 
apparently has l i t t l e e f fec t on the resul t ing population, although at 
higher dens i t ies the mortal i ty rate does increase up to a maximum of 12%. 
The fecundity of paniceum decreased with increasing dens i ty ; 
above a density of 12 p a i r s / d i s h the number of eggs produced decreased 
by 40 - 50%. MacLagan and Dunn (1935) with Calandra oryzae found that 
egg production was reduced by approximately 32% at high dens i t ies as 
compared to numbers produced at low density. Utida with £ . chinensis 
found a decrease in egg production of 35% at high d e n s i t i e s . This 
reduction in egg product ivi ty is much larger than found for S^ . paniceum 
and may be due to the much wider range of dens i t ies used for C. oryzae 
and C. chi nens i s . 
Other workers have shown that egg i n f e r t i l i t y increases with 
increasing densi ty . Utida found 96% egg mortal i ty at high d e n s i t i e s , 
and a lso that preimaginal mortal i ty reached a peak at the density where 
the maximum number of v iable eggs was produced, so that the more larvae 
that hatch the greater the number of indiv iduals dying. The highest 
larval mortal i ty of £ . chinensis was 61% at a density of 12.8 w e e v i l s / g . 
Mortality rates of th is s i z e were not obtained for S^ . paniceum, suggesting 
that more (pa r t i cu la r l y higher) dens i t ies should be investigated or that 
mortal i ty in the larval stages is not an important fac tor , but that egg 
i n f e r t i l i t y and mortal i ty may be. 
MacLagan and Dunn suggested that egg and larval mortal i ty were the 
major control factors in the i r population of £ . oryzae. Utida explained 
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his density e f f e c t by saying that a reduction in fecundity is more 
important than egg i n f e r t i l i t y and larval mortal i ty at high d e n s i t i e s , 
and egg mortality was the important check at low d e n s i t i e s . From the 
resul ts presented here for S^ . paniceum, i t appears that reduced fecundity 
is important in population control at high d e n s i t i e s , and that egg 
i n f e r t i l i t y (at least 20% under uncrowded conditions - Bar ra t t , in prep.) 
accounts for most mortal i ty at low d e n s i t i e s . The reduced fecundity may 
be due to interference with oviposi t ing females by other i n s e c t s , 
competition for oviposi t ion s i t e s or a decrease in the number of eggs 
produced in the ovaries due to overcrowding. The number of eggs la id by 
a species is associated with the number of ovar io les per ovary. Both 
qual i ty and quantity of food influences total egg production and nutr i t ion 
in the larval stages a lso influences fecundity of the resul t ing adu l ts . 
Environmental factors such as temperature, humidity, and photoperiod 
a f fec t the number of eggs produced, there being an optimum for these 
conditions (Engelmann, 1970) - I t has a lso been shown that population 
density e f fec ts on egg maturation and rate of oviposi t ion are d i f fe rent 
in d i f ferent spec ies . Under crowded conditions total egg production is 
reduced in most s p e c i e s . The female's a c t i v i t i e s , such as r e s t i n g , 
feeding, pair ing and grooming are interfered with under crowded condi t ions, 
thereby reducing total egg production (Engelmann, 1 9 7 0 ) . 
I t was shown that , for S^ . paniceum the majority of eggs {Sk%) are 
oviposited before the females are 8 days o ld . In insects with non-feeding 
adult stages i t is common to f ind most reproductive e f fo r t concentrated 
at the s t a r t of adult l i f e , when food reserves bu i l t up in the larva l 
stages are a v a i l a b l e . Tribolium confusum which has a feeding adult stage 
lays on average 971 eggs throughout i t s l i f e span of about 500 days. 
With S_. paniceum, i f the eggs were la id at a steady rate throughout the 
l i f e span, few eggs would be produced as the food reserves would be used 
for purposes other than egg production, such as metabolic processes. By 
laying most of the eggs at the s t a r t of the adult l i f e span, the food 
reserves are concentrated into producing eggs and not used s o l e l y for 
other purposes. Virgin females l i v e longer than mated females because 
food reserves are not used up with egg production and therefore the food 
reserves supply the v i rg ins for a longer period. Species with non-feeding 
adult stages usual ly have very short adult l i v e s , compared to species with 
feeding adult stages. 
The construction of l i f e and fecundity tables is v i t a l to the 
descr ipt ion and understanding of the population dynamics of a s p e c i e s , 
Deevy (19^*7) was the f i r s t to focus attention on the approach, which was 
long used by actuar ies for determining the expectation of l i f e of 
insurance c l i e n t s . An age s p e c i f i c l i f e table was constructed for 
S_. paniceum to enable the capacity for increase r c to be ca lculated with 
the help of a fecundity tab le ; which was a lso formulated. L i f e tables 
have been constructed for several species of insects e . g . the garden chafer 
Phyllopertha hor t ico la (L) (Laughl in, 1965) in which the immature stages 
were included. There are adult l i f e tables for the black widow spider 
Lactrodectus mac tans (Deevy and Deevy, 19 *^5) and for J_. con f us urn ( P e a r l , 
Park and Miner, 1 9 ^ 1 ) • The shape of the survivorship curves for these l a t t e r 
two species is s im i l a r to that obtained for _S. paniceum. 
With an insect species i t i s very important to know the rate at which 
the population can increase. The i n t r i n s i c rate of increase r m may be 
ca lculated i f the population has a stable age d is t r ibut ion ( B i r c h , 19*45). 
However with _S. paniceum the stages of the l i f e h is tory were synchronised, 
therefore the capacity for increase r c was calculated (Laughl in, 1965). 
This parameter has a lso been calculated for P^ . hor t ico la (Laughl in , 1965). 
The innate capacity for increase has been calculated for several species 
e . g . C. oryzae (B i rch , 19^8) r m s 0.57/head/week, compared to r c = 0 .52/ 
head/day for S^ . paniceum. This shows that the short l ived ^ . paniceum 
have a fas te r rate of increase than the comparatively long l ived oryzae 
whose adult l i f e is 8k days. 
Experiments performed with Protozoa, Insecta and Daphnia have shown 
1»1 
that e i ther the rate at which young are produced or the duration of 
reproductive l i f e is reduced as the density of the experimental population 
decreases (Andrewartha and B i r c h , 1 9 5 4 ) . There is a minimum density below 
which population increase w i l l not occur. I f indiv iduals of a population 
are sparsely dispersed the chances of indiv iduals meeting is great ly 
reduced and mating may not occur. In such a s i tuat ion the use of a sex 
pheromone system may be b e n e f i c i a l , as males w i l l be able to detect the 
pheromone and hence locate a female. This e f fec t was investigated using 
the antennectomised males in low density s i t u a t i o n s , the number of progeny 
per female was reduced by approximately 50% compared to control populations. 
I t was a lso shown that operated males took longer to f ind females and 
copulate. These resul ts suggest that the pheromone is very important to 
male insects in the location of females. Many pests of stored products 
have pheromone systems which might have evolved as a resu l t of the i r hab i ts . 
These insects colonize new areas by f l y i n g , crawling or probably most 
commonly by being transported to them. The dens i t ies may be very low 
in the pioneering s i tuat ion and hence the pheromone helps in the location 
of females by males. 
U t i d a , ( 1 9 ^ 1 ) studied the s i z e and weight of indiv iduals of _C. chinensis 
and found that stunted underweight Individuals were found at the optimum 
density for the population but not for the ind iv idua ls . The weight of 
S_. paniceum at d i f ferent dens i t ies was looked at b r i e f l y , but no di f ferences 
were found. However these observations were not s t a t i s t i c a l l y v a l i d and 
so l i t t l e imparlance can be placed on t hem. I f th is e f fec t was studied 
in deta i l i t may be found that larval crowding a f fec ts the weight of adults 
produced. 
These resu l ts indicate that egg mortal i ty (probably due to i n f e r t i l i t y ) 
and decreased fecundity of females are the main controls in the S^ . paniceum 
population at high d e n s i t i e s . Control of th is pest would probably be best 
applied through manipulation of the pheromone system of th is s p e c i e s . This 
work has shown that the detection of the pheromone by the males is v i t a l to 
ensure successful copulation and interference with th is system leads to 
decrease in reproductive success . Since antennectomy on a large sca le is 
obviously not p rac t icab le , s i m i l a r control may be implemented by saturat ion 
of the atmosphere with pheromone to confuse the males, or by having areas 
of concentrated pheromone to a t t r a c t males and hence they could be co l lected 
and ki U e d . 
Further work suggested by these resul ts would include the e f f e c t s of 
density on egg f e r t i l i t y . Using a wide range of densi t ies the number of 
eggs reaching the f i r s t larval stage should be determined for each densi ty . 
The e f f e c t s of density on the rate of maturation of oocytes and on the egg 
producing capacity of females could be invest igated. The i n t r i n s i c rate 
of natural increase r over several generations could be determined and 
m 
the l i f e table for the complete l i f e cyc le constructed giving the 
expectation of further l i f e values for each stage. Competition for food 
and space between larvae at d i f fe rent densi t ies and a lso competition for 
ov iposi t ion s i t e s could be looked a t . Repetition of some of the 
experiments performed in th is study, over more densi t ies ( espec ia l l y high 
ones) and with more rep l ica tes would be useful in c l a r i f y i n g the resu l ts 
obtained. 
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